With advances in prevention, screening, and treatment, cancer patients are living longer; hence, noncancer-related health status will likely play a larger role in determining their life expectancy. In this study, we present a novel method for characterizing non-cancer-related health status of cancer patients using populationbased cancer registry data. We assessed non-cancer-related health status in the context of survival from other causes of death and prevalence of comorbidities. Data from the Surveillance, Epidemiology, and End Results program (2000)(2001)(2002)(2003)(2004)(2005)(2006) were used to analyze cancer patients' survival probabilities by cause of death. Other-cause survival was estimated using a left-truncated survival method with the hazard of death due to other causes characterized as a function of age. Surveillance, Epidemiology, and End Results data linked to Medicare claims (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005) were used to quantify comorbidity prevalence. Relative to the US population, survival from a non-cancer-related death was higher for patients diagnosed with early stage breast and prostate cancer but lower for lung cancer patients at all stages. Lung cancer patients had worse comorbidity status than did other cancer patients. The present study represents the first attempt to evaluate the non-cancer-related health status of US cancer patients by cancer site (breast, prostate, colorectal, and lung) and stage. The findings provide insight into non-cancer-related health issues among cancer patients and their risk of dying from other causes.
Survival of cancer patients is of paramount interest. Broadly speaking, there are 2 competing causes of death for individuals diagnosed with cancer: cancer and other causes. In the past, population-based cancer registry data have been used to study the survival of cancer patients; these studies have focused on excess mortality attributable to cancer (1, 2) . However, little consideration has been given to mortality (or survival) associated with other causes of death. Advances in early diagnosis and treatment have resulted in a higher proportion of cancer patients either being cured of their cancer or living longer with the cancer, making other-cause survival in cancer patients a highly relevant issue from a public health perspective. In the United States, there are approximately 13.7 million cancer survivors, and that number is expected to increase as the population ages and cancer survival rates improve (3, 4) . Meanwhile, both the acute and long-term toxicity of cancer treatments may increase the risk of patients developing secondary cancers or other diseases. Also, comorbidities in cancer survivors impact their risk of death. Thus, it is critical for cancer survivorship studies to incorporate population-level assessments of survival from other causes of death to understand health status and life expectancy with respect to other causes of death in the US cancer patient population.
Other-cause survival refers to survival from causes of death other than the diagnosed cancer (hereafter referred to as "noncancer survival"). The availability of cause of death (COD) information in cancer registry data provides an opportunity to investigate non-cancer survival. The net non-cancer survival probability can be estimated using a cause-specific analysis (5) in which patients who die of their diagnosed cancer are censored at the time of death. The word "net" indicates a measure independent of mortality due to competing causes of death (in this case, cancer). This net measure of non-cancer survival is useful for comparing the life expectancies of different cohorts of cancer patients while controlling for differential risks of cancer death. Net non-cancer survival differs from its counterpart net cancer survival; the latter refers to cancer-specific survival that is not influenced by the risk of death from other causes.
The Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute is a geographic areabased cancer registry in the United States (http://seer.cancer. gov/). SEER collects and publishes cancer incidence, prevalence, and survival data. Until recently, COD information reported to population-based registries, including SEER, lacked sufficient accuracy to be used in cause-specific survival analyses (6, 7) . Typically, COD is obtained from the death certificate provided by the National Center for Health Statistics; however, COD information in death certificates is prone to misclassification errors (6) . For this reason, relative survival (8), a method that does not rely on COD information in estimating the excess mortality associated with cancer, has been used extensively to estimate net cancer survival from cancer registry data. In contrast, estimating non-cancer survival is challenging, and US life tables have been used instead. However, recent studies (9, 10) have suggested that US life tables may not accurately represent other-cause mortality for some cohorts of cancer patients.
A new algorithm that reclassifies COD to correct possible misattribution has recently been developed, allowing SEER data to be used to estimate cause-specific survival probabilities (10) . To capture deaths due to specific cancers, the algorithm considers COD in conjunction with tumor sequence, the site of the original cancer diagnosis, and other diseases related to the cancer diagnosis (e.g., acquired immunodeficiency syndrome and/or site-related diseases). On the basis of this algorithm, a new COD variable (SEER cause-specific death classification variable) was implemented in SEER and extensively validated for accuracy. The variable facilitates the estimation of net cancer survival as well as net non-cancer survival using cause-specific analysis.
Two important features differentiate the analysis of noncancer survival from that of cancer survival. First, cancer survival is typically estimated based on time since diagnosis, whereas non-cancer survival uses age as the time scale, similar to the US life tables. Second, data collected from cancer registries have a left-truncated feature in non-cancer survival time because individuals are enrolled in cancer registries after being diagnosed with cancer. Therefore, the analysis should account for left-truncated survival time with age as a time scale.
The main objectives of the present study were to 1) demonstrate how to estimate net non-cancer survival from cancer registry data; 2) estimate non-cancer survival for different cohorts of cancer patients in the US; and 3) compare the results to US life tables to provide insight into the noncancer life expectancies of the US cancer patient population compared with the general population.
Previous studies have focused on risk factors for competing causes of death in patients with specific cancers (9, (11) (12) (13) (14) (15) .
Recently, Dignam et al. (9) estimated non-cancer-related life expectancy for breast cancer patients in clinical trials and SEER to evaluate whether these estimates were representative of the overall population with respect to non-cancer mortality. The present study extends the approach outlined in the article by Dignam et al. by conducting a population-level characterization of the non-cancer-related health status of US cancer patients in the context of non-cancer survival and comorbidities and providing an in-depth explanation of these methods. In our study, we considered 4 types of invasive cancers that are common in the US population: female breast, prostate, colon and rectum, and lung and bronchus. For each cancer site, the net non-cancer survival probability was estimated by sex, race, and stage. In addition, SEER data linked to Medicare claims were used to provide an overview of the prevalence of comorbidities among cancer patients. The results were interpreted in light of previous evidence for the effects of screening and risk factors.
MATERIALS AND METHODS

SEER data used to estimate non-cancer survival probabilities
To evaluate non-cancer survival, we used data from 17 SEER registries (16) . The study population consisted of patients diagnosed with malignant cancers between 2000 and 2006, and the data included follow-up information through 2007. We excluded patients diagnosed through death certificate or autopsy and patients whose age was not available (<2%). Cases with unknown or missing COD information (<1%) were also excluded from data analysis. The overall study cohort consisted of 1,603,666 cancer patients. Invasive cancers are considered. Details of the study cohorts by cancer site are shown in Table 1 . "All sites" denotes all malignant first primary tumors combined. For the purposes of this analysis, we used SEER historical stage information, which classifies tumors as localized, regional, or distant depending on the spread of cancer from the primary site. Race was classified as white, black, or other.
Estimating non-cancer survival: left-truncated survival data with age as the time scale
To estimate non-cancer survival probabilities, we considered death due to other causes as the event of interest and death due to the diagnosed cancer as the censoring event. Because aging is associated with a higher risk of comorbid conditions and mortality due to other causes, age, rather than time since diagnosis, represents a natural time scale for characterizing the hazard of death due to other causes. Furthermore, using age as a time scale directly accounts for the impact of age on mortality, thereby adjusting for its confounding effect (17, 18) .
Using age as the time scale introduced left-truncation into the data. Left-truncation arises when individuals come to observation sometime after the actual origin of time, which in this case is birth. Because data from cancer patients were collected after their diagnosis, only patients who were alive at the time of cancer diagnosis could be included in the calculation of non-cancer survival. As a result, the estimated curve represents non-cancer survival probability conditional on being alive at the youngest entry age (e.g., age at diagnosis for the youngest patient in the cohort). This conditional survival probability can be estimated using standard survival methods, such as the Kaplan-Meier or actuarial method, by defining the risk set to accommodate left truncation; patients enter the risk set at the age at which they are diagnosed and leave the risk set when they die or are censored (18) . KaplanMeier estimates for left-truncated and right-censored survival data can be computed using commonly available statistical packages. We used PROC PHREG in SAS (19) . For details and demonstration of the method, see the Web Appendix (available at http://aje.oxfordjournals.org/).
The present study included patients diagnosed at 50 years of age or older because the cancer types examined in this study are more common in older adults (2) . Sensitivity analyses were performed that included patients diagnosed at 40 years of age or older and 60 years of age or older, and the results were similar. For studying cancers common in younger ages (e.g., childhood cancers), the lower age limit would need to be revised. For rare cancers, caution is advised, as the estimates could be extremely unstable because of the small risk set at all ages.
US life tables for comparisons with non-cancer survival
We used the US decennial life tables for 1999-2001 developed by National Center for Health Statistics (20) to represent the overall survival of the US population and compare it with our non-cancer survival estimates in cancer patients. When the proportion of deaths due to a specific cancer type in the general population is small, the all-cause survival probability provides reasonable estimates for othercause survival in the US population (8) . US life tables that excluded deaths due to each of the cancer types independently (colorectal, prostate, breast, and lung) were similar to the US all-cause life tables. However, the proportion of deaths due to cancer overall (all sites) represented a large proportion of all causes of death; for the population who were 50 years of age or older, it was 27% for males and 22% for females. Life tables excluding any type of cancer as a COD were estimated and used in comparisons with non-cancer survival for all sites. For details on the methods used to estimate life tables excluding a specific COD, see Elandt-Johnson and Johnson (21) . Because the non-cancer survival estimates were conditional on cohort members being alive at 50 years of age, we estimated the comparable conditional survival at 50 years of age for the general US population. (23) and used in other studies (24) (25) (26) . Similar to what was done by Klabunde et al. (24, 25) , we calculated comorbidity scores based on weights indicating the effect of the comorbid conditions on non-cancer-related death. We used weights that were estimated using the Cox proportional hazards model adjusted for age, sex, and race (27) . For data analysis, individuals were assigned to 1 of 3 comorbidity categories based on their comorbidity score: healthy, low to medium comorbidity, and high comorbidity. Each comorbidity category was characterized based on the severity of clinical outcomes associated with the specific condition. Healthy refers to individuals with no comorbid conditions. Low comorbidity refers to conditions that usually do not require physicians to adjust cancer treatment, such as history of myocardial infarction, ulcer, or rheumatologic disease. Medium comorbidity refers to conditions that may sometimes require modification of cancer treatment, including vascular disease, diabetes, and paralysis. High comorbidity refers to severe illnesses that frequently lead to organ failure or systemic dysfunction and always require adjustment of cancer treatment; these conditions include chronic obstructive pulmonary disease, liver dysfunction, chronic renal failure, dementia, congestive heart failure, and acquired immunodeficiency syndrome. Because of the small sample sizes, the low and medium comorbidity categories were combined. The prevalence of each comorbidity category was computed for individuals 66 to 90 years of age in both the cancer and noncancer cohorts in the SEER data linked to Medicare claims.
RESULTS
Non-cancer survival
The overall non-cancer survival probability of SEER cancer patients (all sites) was lower than that of the general US population (Figure 1 ). Relative to the US population, non-cancer survival probabilities were higher for prostate and breast cancer patients, similar for colorectal cancer patients, and lower for lung cancer patients (Figures 2A and 3A) . Results stratified by stage at diagnosis varied by cancer site (Figures 2B-D and  3B-D) . For the 4 cancers studied, there was no substantial differential effect based on race in non-cancer survival trends or directions when the race-stratified survival probabilities in each cancer cohort were compared with those of the general US population for the same race (Web Figure 1) .
Prostate and breast cancer patients diagnosed with localized or regional cancer stages have higher non-cancer survival probabilities than the general US population. However, the noncancer survival of patients diagnosed with distant stage cancer is lower than that of the US population ( Figures 2B and 3B) . Although the optimal age at which to begin mammography 
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screening for breast cancer has been a subject of debate, the American Cancer Society (and previously the US Preventive Service Tasks Force) recommends that women begin this screening procedure at 40 years of age. Therefore, we also investigated non-cancer survival of breast cancer patients conditional on surviving to 40 years of age, and the noncancer survival results were similar to the findings conditional on surviving to 50 years of age.
Individuals diagnosed with localized or regional stage colorectal cancer had non-cancer survival probabilities similar to those of the general US population, whereas individuals diagnosed with distant stage cancer had a lower probability of surviving from other causes of death ( Figures 2C and 3C ). Patients diagnosed with lung cancer had a lower probability of non-cancer survival than did the general US population, even in the early stages ( Figures 2D and 3D ).
Median survival age for non-cancer-related death
For patients diagnosed with early stage prostate or breast cancer, the median survival age was older than that of the general US population. However, the median survival age was younger for patients diagnosed with distant stage breast or prostate cancer. For patients with lung cancer, the median survival age was younger than that of the general US population at all stages. For example, the median survival age for men diagnosed with lung cancer, even those diagnosed with localized stage cancer, at age 50 years was 9 years earlier than that of the general population. See Tables 2  and 3 for detailed results by sex and race at ages 50, 60, and 70 years.
Comorbidity status
In general, for both the cancer and non-cancer cohorts, comorbidities became more frequent as age increased and the proportion of individuals with no comorbid conditions decreased. Comorbidity prevalence in the breast and prostate cancer cohorts was similar to that in the non-cancer cohort. In contrast, the lung and colorectal cancer cohorts had a higher comorbidity prevalence compared with those in the prostate or breast cancer cohorts. For example, at 66 years of age, the proportions of men with comorbid conditions were 43.2% (95% confidence interval (CI): 41.7, 44.7) for lung cancer, 22.3% (95% CI: 21.6, 23.1) for prostate cancer, and 29.5% (95% CI: 27.7, 31.2) for colorectal cancer. The corresponding proportions for women were 44.6% (95% CI: 42.9, 46.3) for lung cancer, 24% (95% CI: 22.9, 25.1) for breast cancer, and 31.5% (95% CI: 29.5, 33.5) for colorectal cancer. In particular, high comorbidity was more prevalent in the lung cancer cohort. Strikingly, the prevalence of high comorbidity was approximately 2-fold to 3-fold higher in the lung cancer cohort and 1.5-fold higher in the colorectal cancer cohort compared with the breast or prostate cancer cohorts (Figure 4 ).
DISCUSSION
In this study, we present a novel means of assessing the non-cancer-related health status of the cancer patient population using cancer registry data. We characterized the noncancer survival experiences and comorbidity status of US patients with breast, prostate, colorectal, and lung cancers. We addressed estimation of net non-cancer survival, which is the counterpart of net cancer survival. In the estimation, we used a left-truncated survival method that is being implemented in SEER*Stat software (http://www.seer.cancer.gov). 
a Median survival age for cancer patients is defined as the age at which non-cancer survival probability conditional on surviving at age a is 0.5, where a = 50, 60, and 70 years.
b Results are conditional on surviving at 50, 60, and 70 years of age.
c Negative values represent median survival ages lower than those of the general US population. d For prostate cancer, "localized" and "regional" are combined into one stage. 
The software will soon be available to the public and will facilitate estimation of non-cancer survival by a broad range of researchers.
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obtained a net measure of survival. The estimated net noncancer survival quantifies survival probability that is not affected by the risk of cancer death and represents survival at the population-level of analysis. Typically, net survival is used in comparing racial/ethnic groups or between registries and in tracking survival longitudinally. Thus, this estimate has utility for cancer control and public health purposes. Estimates calculated using competing risks methods may offer a better measure for patient prognosis because death from the diagnosed cancer plays a key role in assessing the risk of dying from other causes at an individual level. The crude probability of death (28), which is the probability of dying in the presence of competing risks, can be calculated using population-based cancer registry data. It is a personalized measure of survival and may be more useful for patients or clinicians. However, providing a personalized measure was not within the scope of this study.
The comparison with the matched general US population showed that non-cancer survival was higher for people diagnosed with early stage cancers for which screening is known to aid in early detection, for example, breast and prostate cancers. Patients diagnosed with early stage cancer had a lower risk of death from other causes than did patients diagnosed with cancer at an advanced stage. Moreover, patients diagnosed with cancer at an advanced stage had a lower non-cancer survival probability than did the general population. The higher non-cancer survival probability for patients diagnosed with early stage cancer might be related to higher socioeconomic status, healthier behaviors, more routine doctor visits to treat existing comorbid conditions, or better access to health care (29, 30) . Conversely, the lower non-cancer survival probability for patients diagnosed with advanced stage cancer might be related to unhealthy behaviors or lifestyles (e.g., ignoring early symptoms, not treating existing comorbidities) or limited access to health care (29, 30) . These results also suggest a screener effect in which cancer patients diagnosed at an early stage through screening may have better access to health care, leading to a lower risk of death than that in the general population. Similarly, the results may reflect an unhealthy non-screener effect in that patients who do not engage in cancer screening, ignore early symptoms, or have poor access to health care experience higher risks of death.
The non-cancer survival probability for individuals diagnosed with early stage colorectal cancer was similar to that of the general population. Although effective colorectal cancer screening is available, this did not appear to convey a survival advantage, in contrast to our findings for prostate and breast cancers. However, many colorectal cancer risk factors are related to unhealthy lifestyle factors (e.g., obesity, lack of physical activity, smoking, heavy alcohol use, and red meat consumption) (31) (32) (33) (34) (35) that are also associated with other diseases. Indeed, our findings indicated that individuals diagnosed with colorectal cancer had more comorbid conditions than did individuals diagnosed with breast or prostate cancer. In addition, previous studies (36, 37) have suggested that although screening for colorectal cancer is slowly increasing, it lags behind mammography use. Moreover, because colorectal cancer can be prevented by early detection and removal of adenomatous polyps (38) , patients in whom screening prevented development of colorectal cancer do not appear in our cancer cohort.
For individuals who were diagnosed with lung cancer, the risk of dying due to other causes of death was higher than that of the general population. Lung cancer is a well-known smoking-related cancer that shares risk factors with other potentially life-threatening diseases, such as chronic obstructive pulmonary disease (39, 40) .
Our comorbidity measure provides insight into the health status of cancer patients and the prevalence of risk factors. For instance, lung cancer patients had a higher prevalence of comorbid conditions in the year before cancer diagnosis, indicating the presence of risk factors (e.g., smoking) related to both lung cancer and other diseases before the diagnosis. The non-cancer cohort that we used included a 5% sample of individuals residing in the SEER area who had not been diagnosed with cancer; hence, this cancer-free cohort may have fewer risk factors and better comorbidity status than the general US population. Therefore, the ability to generalize the findings in the non-cancer cohort to the general US population may be limited.
Overall, the present study provides an overview of the non-cancer-related health status of US patients with common types of cancer. Because people diagnosed with certain cancers at specific stages are not necessarily representative of the general population (9, 10), their health profiles at the time of diagnosis differ from those of the US population. Therefore, these findings offer insights for policy makers, clinicians, and public health practitioners into the risk of cancer patients dying from other causes, as well as perspective on the noncancer-related health issues among cancer patients. This information may also be useful for informing cancer control and intervention policies (e.g., early screening, tobacco control policies) by taking into account their impact on both cancer and non-cancer outcomes and for assessing health disparities in cancer populations. Future studies may entail investigating the impact of common risk factors, modes of detection (i.e., screening or symptoms), treatment, and access to health care on non-cancer survival.
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